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The broad emission bands (610, 690 and 720 nm) observed in Cd1_xMgxTe:P 
and Al mixed crystals have been studied by the decay measurements at 4.2 K 
and 77 K. All the decay curves obey the power law for the emission intensity, 
I =t-n , with a characteristic value n; the decay rate n increases with increasing 
the excitation intensity. Together with the time-resolved emission spectra, we 
have confirmed that these emission bands are due to the donor-acceptor pair 
recombination. 
1. Introduction 
In the previous papers we reported the emission spectra of the photoluminescence 
in the mixed crystals Cd1_xMgx Te (x~0.45) doped with Al (donors) and P (acceptors 
or donors), over a wide range of temperature, by varying the excitation intensity 
of a 365 nm line from a high pressure 500 W mercury lamp. In paticular, there 
appeared three types of broad emission bands at high temperatures above 77 K; 690 
nm (Lf-band), 610 nm (S-band) and 700---720nm (L- or L"-band). From these results, 
we have proposed an energy-band scheme for the luminescence in which the 
impurity levels of donors, acceptors and lattice vacancies of host crystal are taken 
into account. These emission bands were considered as arising from the usual 
donor-acceptor CD-A) pair recombinations, as is frequently found in a number of 
II-VI Or III-V semiconductors. The possibility of the D-A pair recombination in the 
mixed crystals has been reexamined by measuring the luminescent decay after 
a flash excitation. The characteristic features of the D-A pair emission can be 
summarized as follows. 
When a donor and an acceptor impurity form a pair, the normal ionization energy 
En(or EA) of an isolated donor Cor acceptor) is effectively reduced to the Coulombic 
interaction between the electron and the hole bound to the impurities. The recom-
bination energy of pair-band luminescence is commonly given by the expression 
ECr)=hll=Eg -CEA+En)+e2/er, ······· .. (1) 
where Eg is the band gap energy, r is intra-pair separation between the impurities 
and e is the static dielectric constant. Equation (1) shows that the emission energy 
* Dept. of Applied physics. **Faculty of Education. 
274 
decreases when the intra-pair separation increases. The optical transition probability 
W(r) of the pair emission, or the rate for D-A pair recombination, is expressed with 
a good approximation to 
W(r)=Woexp( -2r/rB), ·········(2) 
so far as one of the impurities has a small binding energy and is hydrogenic. Here 
Wo is a proportional constant and rB is the Bohr radius of the weakly bound impurity. 
The D-A pair emission is caused by the transition between the electrons on donors 
and the holes on acceptors, at various intra-pair separations, and the decay charac-
teristics of this transition are commonly expressed in a simple power law except 
for the early stage; 
lCt)=r n , ... ······(3) 
where t is the time after a pulse excitation, let) the emitted intensity at the time t, 
and the value of n the characteristic constant which depends on the donor and 
acceptor concentrations as well as the excitation intensity. 
From eqs. (2) and (3) we note the following features; Ci) As the excitation intensity 
is increased, the intra-pair separations become smaller and n increases. eii) the 
value n at higher energy side of the emission band is larger than that at lower 
energy side. and (iii) the peak wavelength in the time-resolved spectrum shifts 
towards a longer wavelength. Based on these transient properties of the D-A pair 
recombination, we have examined the luminescent characteristics of the L-, L'-, and 
S-band in Cd1_xMgx Te crystals. 
2. Experimental 
The experimental arrangement is illustrated in Fig. 1. The Cd1_xMgx Te single 
crystal was mounted on a cold finger inside a Dewar. The excitation source was a 
flash light with a half-width of about 3 ps from a xenon flash lamp, which was 
operated by a free running mode at a repetition rate of 3 Hz. The excitation light 
trigger 
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Fig. 1. Schematic block diagram of the apparatus used to 
measure the decay of the photoluminescence. 
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of 365 nm wavelength was selected by a combination of saturated CUS04 solution 
filter with glass filters. The luminescence light from the crystal was led by an 
optical guide to a prism monochromator (Shimadzu QR-50) and -detected by a photo-
multiplier (HTV R-666). The output photocurrent was amplified and led into a 
multichannel analyzer (Toshiba 400 channel USC WFA). The trigger pulse to the 
multichannel analyzer was supplied through a photomultiplier (Toshiba MS-9S) from 
the flash lamp. The emission intensities were integrated by about 10,000 times to 
obtain a good signal-to-noise ratio. The crystals were the same as those used in 
the previous experiment. The present measurements were mostly done at 4.2 and 
77K. 
3. Results and Discussions 
3-1 Decay curves and excitation intensities 
a) The L'-band (690nm) 
The L'-band is observed in the as-grown Cd1_xMgx Te: P crystal. Figure 2 shows 
a typical recorded decay curve of this emission band at 77 K. The observed decay 
curve is not a simple exponential form, so we replot this curve in a log-log scale, 
as shown in Fig. 3 (2), over the time range from 160 to 900 p.s after the flash 
excitation. The slope gives the value of n=1.3 in eq. (3) at a given excitation 
Fig. 2. 
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The decay curve for the U-band 
(6'90 nm) of the as-grown edt-x 
MgxTe: P crystal after a flash 
exci ta tion. 
Fig. 3. The log-log plot of the decay 
curve shown in Fig. 2 (the line 
(2)); the slope of the straight line 
gives the value n in eq. (3), which 
depends on the excitation intensity. 
The line (1) was obtained by a 
stronger excitation than that of 
the line (2), 
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intensity. When the excitation intensity is increased, the form of the decay curve 
changes and the value n increases to 1.5 (Fig. 3 (1»). Based on the previous steady 
state experiments, we have proposed a tentative emission model for the L'.;band, in 
which the 690 nm emission is considered as due to the D-A pair recombination 
between the interstitial P (donor )-level and the Cd vacancy (acceptor )-level which 
is produced by self-compensation. Now this emission mechanism is confirmed by the 
present decay characteristics. 
b) The S-band (610 nm) 
As for the S-band emission, which is observed in the annealed Cd1_xMgx Te : P 
crystal, it has not been certain whether it is due to a direct electron transition 
from the conduction band to the interstitial P-Ievel (Schon-Klasens type) or due 
to the pair recombination between the electron trapped at a shallow donor and 
the hole trapped at the P acceptor. Figure 4 shows the decay characteristics of this 
emission band at 4.2 K after the flash excitation with different excitation inten-
sities. The straight line (1) is the decay curve when the sample is strongly excited, 
n= 1.4, while the straight line (2) is the one when it is weakly excited, n= 0.9. 
Thus it is confirmed that the D-A pair recombination model is also applicable 
to the S-band, because its decay curve obeys the power law expressed in eq. 
(2), but not the exponential form, and the value n increases with increasing the 
excitation intensity. 
c) The L-band (720 nm) 
The decay characteristics at 77 K for the L-band observed in the Al (0.1 at.%)-
doped as-grown Cd1_xMgx Te crystal are shown in Fig. 5. The value n of this band 
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Fig. 4. The decay characteristics at 4.2 
K of the S-band (610 nm) emission 
observed in the annealed Cd1-xMgx 
Te:P crystal. 
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Fig. 5. The decay characteristics at 77 
K for the L-band (720 nm) of the 
as-grown Cd1-xMgxTe:AI crystal. 
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was also found to increase with increasing excitaion intensity from 0.9 to 1.4. Hence 
we may conclude that the L-band is also caused by the D-A pair recombination 
between the AI-donor and the Cd-vacancy level. Furthermore, we have attempted 
to measure the time-resolved spectrum and the wavelength dependence of the value 
n for this emission band. 
3.2 The time-resolved spectrum (t. r. s.) and the wavelength dependence of the 
n-val ue for the L-band 
In Fig. 6 is shown the t. r. s. for the L-band at 77 K. The emission intensities at 
160 !J.s and 1600 !J.s after a flash excitation are normalized at the peak wevelength 
(715 nm) of the emission spectra. It can be seen that the decay process at longer 
wavelength is slower than that at both peak and shorter wavelength. On the higher 
energy side no difference was observed between the two time-resolved spectra. We 
also note that for this L-band emission there appears no shift of the peak wave-
length in the t. r. s. within our experimental accuracy. 
Finally, we measured the n-value of the broad L-band emission at various emission 
wavelengths, when the sample was excited at a constant pulse intensity. The results 
at 77 K is given in Fig. 7. The n-value at the shorter wavelength side seems to be 
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Fig. o. The time-resolved emission 
spectra at 77 K for the L-band 
normalized at the peak wavelength. 
The times delayed from the flash 
excitation are given in the figure. 
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Fig. 7. The wavelength dependence of 
the value n for the broad L-band 
at 77 K, when the excitation is 
fixed at a constant intensity. 
nearly constant, whereas at longer wavelength side it decreases with increasing 
wavelength. According to eqs. (1), (2) and (3), the n-value of the D-A recombination 
will increase with decreasing the wavelength of the emitted light, which is not in 
agreement with the observed spectra. Therefore, it appears that the L-band emission 
is not a simple D-A pair recombination. Further discussion on the emission mecha-
nism of the Cd1_xMgx Te mixed crystals will be made by carrying out the similar 
experiments for other emission bands. 
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